The textile industry is a major revenue generator, in many Asian countries, including Thailand. Negative impacts on the environment of textile industry are due to the discharge of pollutants and the consumption of water and energy. However, the status of energy use and pollution generated in textile industry in Thailand is not known. This paper presents the results of a study undertaken to obtain the current status of energy and environmental parameters from textile manufacturing factories in Thailand, such as, specific energy cost, water consumption, and wastewater load and its characteristics. The energy and environment status during 1996-1998 along with other relevant information were obtained by means of a questionnaire survey, by visiting factories and from energy audit reports. The survey findings on energy consumption show that range of specific fuel consumption in spinning, weaving and printing mills are relatively narrow indicating that these factories consume fuel in a similar manner, while the variation is fairly large in other types of mills. The variation of fuel cost is found to be similar to that of the specific fuel consumption. The water consumption trend in various textile sectors shows that man-made fiber, weaving, and printing mills have a relatively low specific water consumption as compared to other categories of mills. Similar observations were noted for the wastewater discharge. The data on wastewater characteristics after treatment, namely, biological oxygen demand (BOD), chemical oxygen demand (COD) and total suspended solid (TSS) have also been presented.
Introduction
The textile industry is one of the major contributors to many Asian economies and one of the main revenue-generating sectors. In Thailand, since the mid-eighties, textile and clothes have been the major export items. It is estimated that in 1995-96, there were about 5000 textile mills in Thailand, of which eighty percent was in the small and medium scale industries category [4] . The share of the textile sector to the overall gross domestic product (GDP) increased from about 148 billion Baht in 1991 to about 240 billion Baht in 1996. The fraction of GDP from the textile sector to national GDP during 1991-1996 has been relatively constant, at slightly above 5% [3] .
The impacts on the environment by textile industry have been recognised for some time, both in terms of the discharge of pollutants and of the consumption of water and energy. Many organisations have prepared guidelines for promoting energy efficiency and pollution prevention and control [6, 7, 8, 9, 10] .
The current status of the energy use and pollution generated in the textile industry in Thailand is not available. A study was therefore initiated in 1999 to understand the energy and water consumption, and wastewater generation in the various sectors of the textile industry by conducting a survey of these factories in the country. The results of this study are detailed in the following sections.
Methodology
The survey was conducted by distributing questionnaires to about 200 textile factories in and around Bangkok. The questionnaire was structured to elicit information from the factories on: type of products, production (yearly), energy consumption (fuel and electricity), water consumption, wastewater generated and their characteristics during three years (1996) (1997) (1998) . Twenty two factories responsed to the questionnaire and field visits to some of these factories were arranged. Additional data on energy consumption was obtained from energy audit reports based on energy audit conducted during 1996-1997 by the Department of Energy Development and Promotion (DEDP) [1,2] for ten factories. The responses were then categorised into the various energy and environment indicators, namely, the specific fuel and electricity consumption, specific fuel and electricity cost, specific water consumption, specific wastewater generated and liquid effluents (BOD, COD and TSS). Table 1 summarises the relevant definitions of energy, water and pollution indicators used in the study. The textile establishments included manmade fibers, spinning, weaving, dyeing and finishing, integrated textile mills and printing factories.
The survey was conducted over a period of about eight months. The production data of the surveyed factories indicated that the responses had the following share of the total Thai textile production (in 1997): 31% of all man-made fibers, 13.4 % of all fabrics; and 7.1 % of all yarns. This indicates that the survey covers a substantial share of the textile industries in Thailand. Table 2 gives the range of specific energy consumption and specific energy cost, for both fuel and electricity based on the survey data and energy audit report of each factory in the various sector along with their individual production data. The dyeing and finishing mills were found to have the highest maximum specific fuel consumption, followed by integrated textile mills. The printing, spinning and weaving mills have a very narrow range of specific fuel consumption indicating that these factories consume energy in similar manner, while variation is fairly large in the other type of mills. The variation of fuel cost is found to be similar to the specific fuel consumption range. The range of specific electricity consumption in weaving mills observed from the survey is very small, at about 5.7-5.8 MWh/ton of product while that of dyeing and finishing mills is quite significant, at about 0.28-12.6 MWh/ton of product. This is also reflected in the range of specific electricity cost. The maximum specific electricity cost in printing, integrated and man-made fiber mills is about 2.5 to almost 5 times higher than the minimum, while in the spinning and the dyeing mills, it is about 15 to 27 times higher. Table 3 presents the range of specific water and specific wastewater generated estimated based on the survey. The dyeing and finishing mills were further classified according to type of products of the mills: yarn only, fabric only and yarn and fabric.
Survey Results and Conclusion

Energy
Water consumption and wastewater generated
The range of specific water consumption depends on the type of establishments. The largest variation was found in dyeing and finishing mills (73 -167 m 3 /ton of product) followed by integrated, printing, and man-made fiber respectively. Man-made fiber, weaving and printing mills have relatively low specific water consumption as compared to other categories of mills. For the weaving mill, for which data of only one factory is available, the specific water consumption (10.3m The smallest range of specific wastewater generated is observed in man-made fiber mills at about 2.7-27.4 m /ton of fiber. Establishments which have high maximum specific wastewater generated are the integrated textile mills at about 183.3 m 
Liquid effluents after treatment
The liquid effluent data after treatment of some man-made fiber, dyeing and finishing integrated and printing mills are tabulated in Table 3 . A comparison of the textile effluent and the standard for discharge of textile wastewater into receiving waters in Thailand shows that the liquid effluent after treatment in Thai textile sector is within the acceptable range of the effluent discharge standards. Dyeing and finishing, and printing mills have higher values of BOD, COD and TSS level compared to other type of mills. The BOD level in dyeing and finishing mills varies significantly. The variation of BOD and COD level in Thai textile mills is within the acceptable range of the effluent discharge to receiving waters in Thailand [5] . The maximum value of BOD level in the printing mill is the same as that of the Thai standard.
